Survival of Clostridium difficile in an aerobic environment is possible because of spore formation. When sodium taurocholate is substituted for the egg yolk of a selective medium, cycloserine-cefoxitin-fructose-agar (CCFA), enhanced recovery of C. difficile spores is shown. This selective medium (TCCFA) does not improve recovery of vegetative forms. In this study, dry and saline-moistened swabs, adhesive paddles, and Rodac plates containing CCFA and TCCFA were compared in their ability to recover C. difficile spores from an inoculated surface. Rodac plates grew 20 to 25 times as many spores on TCCFA as on CCFA. Salinemoistened swabs recovered fewer organisms than Rodac plates. Dry swabs and adhesive paddles rarely recovered spores. Prereduction of agar in an anaerobic chamber was not necessary for optimal spore recovery.
Clostridium difficile is an important cause of antibiotic-associated colitis (1) , which occurs most frequently in seriously ill, hospitalized persons. Antimicrobial (1, 8) or antineoplastic (2, 3) therapy may promote the overgrowth of C. difficile, which then may elaborate its toxin. The organism in many cases may derive from healthy intestinal carriers. It can be isolated from the stools of 3 to 7% of healthy adults (4, 5, 13) and from as many as 20% of patients receiving antibiotics who do not have diarrhea (16) . However, the occurrence of hospital outbreaks of C. difficile-associated colitis (8, 14, 17) has suggested that nosocomial acquisition of the organism may play an important role in the epidemiology of this disease. Experimental observations of the hamster model of antibiotic-associated colitis support the concept of cross-infection. When hamsters were housed in facilities designed to prevent cross-infection, the frequency of enterocolitis with clindamycin usually was lowered (10) . However, when the animals were sheltered in facilities where C. difficile can be cultured easily from room equipment and caretakers, enterocolitis was easily induced with clindamycin (15) . C . difficile has been isolated from the hospital environment in several studies, using cycloserine-cefoxitin-fructose-agar (CCFA), a medium selective for C. difficile (6) . Survival of C. difficile in an aerobic environment is possible because of the ability of this obligate anaerobe to form aerotolerant spores. Use of the above selective agar containing sodium taurocholate (TCCFA) instead of egg yolk, has been shown to recover a much higher number of C. difficile spores than did CCFA (18) . To standardize methods for epidemiological study of C. difficileassociated colitis, we compared several methods for the recovery of C. difficile spores from an inoculated surface, using CCFA, TCCFA, and a selective broth. The need for overnight prereduction of media in an anaerobic chamber before use and the survival on an environmental surface of both vegetative and spore forms of the organism were also evaluated.
MATERIALS AND METHODS
Bacterial isolates. Two isolates of C. difficile were identified by standard methods (7) . Strain K-302 was isolated from a surface in a pediatric ward at the University of Michigan as part of an earlier environmental study from this institution (9) . It is toxigenic and was utilized in a spore preparation (vide infra). Strain VPI-2018 (obtained from Tracy Wilkins) was originally isolated at the Virginia Polytechnic Institute, is nontoxigenic, and has never been successfully induced to sporulate in this laboratory. Eleven other C. difficile isolates (from patient specimens and the hospital environment) were used to evaluate the effect of prereduced agar on bacterial growth. claving. Both media contained cefoxitin (16 p.g/ml) and cycloserine (500 ,ug/ml), were made simultaneously, and were prereduced for 18 h before use in an anaerobic chamber (Coy Laboratory Products, Ann Arbor, Mich.). In certain experiments, the media were not reduced until after inoculation. A selective broth (XTB) was also used, consisting of TCCFA prepared without agar (but with cefoxitin and cycloserine). Media were inoculated within 3 days of preparation.
Sporulation medium. A sporulation medium was prepared as previously described (18) . Earlier studies have shown this medium to yield a microscopic count of over 10' C. difficile spores per ml after 48 h of incubation. The number of viable spores present in the suspension used was ascertained by quantitative cultures each time a sample was used. All spores used in these experiments were grown in a single batch and then pipetted into sterile 2-ml glass vials and flame sealed. Vials were immersed in water at 56°C for 10 min and then frozen at -20°C until use. Previous studies have shown that vegetative forms are eliminated by this procedure (18) .
Culture methods. (i) Spore recovery. The stock spore preparation of strain K-302 was thawed, and 10-fold dilutions in Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) were spread evenly with a sterile glass rod over the sampling surface, a pane of sterile 0.25-in. (ca. 0.64-cm)-thick window glass having an area of 784 cm2. All sampling procedures were performed after overnight drying had occurred. Sterile cotton swabs were used either dry or moistened with 5 drops of sterile, non-bacteriostatic 0.9%o NaCl. They were rubbed vigorously on the glass over an area of 4 cm2 for 5 s and then taken into the anaerobic chamber.
CCFA and TCCFA were then streaked in four quadrants, and XTB broth was inoculated by cutting the swab tip with sterile scissors and allowing it to fall into the broth. A separate swab was used for each agar This strain has never been induced to sporulate in our laboratory, and growth thus represents vegetative forms. The organism was spread over the glass plate, as above, and impression cultures were made with Rodac plates. TCCFA was compared with CCFA at 1, 5, 15, 30, and 60 min. One-half of the plates had not been prereduced before use. The plates were taken immediately after impression into the anaerobic chamber.
Use of non-prereduced media. To ascertain whether prereduction of media in an anaerobic environment was necessary, quantitative cultures of both K-302 and VPI-2018 were performed with CCFA and TCCFA which had been either prereduced for 18 h or brought into the anaerobic chamber for various periods before inoculation. The growth of VPI-2018 was assessed on agar which had been reduced for 5, 15, 30, and 120 min before plating. Spores (K-302) were inoculated onto plates which had been prereduced for 18 h and also onto non-prereduced agar plates outside of the chamber and then incubated anaerobically. Eleven other isolates of C. difficile (patient and hospital environmental isolates) were also grown on agar media that had been prereduced overnight or for 2 h. All cultures were incubated at 37°C in the anaerobic chamber for 48 h before quantitation. Broth Table 1 . At all spore concentrations tested, TCCFA yielded growth of 20 to 25 times as many spores as did CCFA (P < 0.001), and thus a much higher percentage of the inoculum was recovered with it than with CCFA. The recovery with CCFA ranged from 0.3 to 2.3%, whereas with TCCFA 14.5 to 45.8% of the inoculum was recovered. Table 2 .04 a n = 22 for each medium at each time.
were positive; 50 and 0% of XTB broth tubes inoculated were positive; 31 and 13% of TCCFA agar plates were positive at 0.68 and 0.068 spores per cm2, respectively; P < 0.05 by chi square).
Timed survival. Recovery of vegetative strain VPI-2018 from the glass surface was not significantly different with CCFA and TCCFA at 1, 5, and 15 min. Drying of the suspension was complete within 5 to 10 min. The counts dropped rapidly at successive time intervals, and no organisms were cultured with either agar at 30 or 60 min. Plates that were prereduced recovered a greater number of colonies per plate at each time interval than did the non-prereduced plates (P < 0.001 by Mann-Whitney test). Prereduced plates recovered organisms at the 15-min interval, whereas non-prereduced plates did not.
Use of non-prereduced media. In these comparisons the vegetative strain (VPI-2018) was inoculated onto CCFA and TCCFA inside the anaerobic chamber. Some plates had been prereduced in the chamber for 18 h and others were brought into the chamber for 5, 15, 30 and 120 min before inoculation. There was no significant difference between the two media in quantitative growth of this strain. Increased growth was observed as media were reduced for 5, 15, and 30 min, but there was no further increase with plates that had been prereduced for at least 2 or 18 h (Fig. 1) . Eleven other isolates of C. difficile also showed no difference in growth after 2 or 18 h of prereduction (Table 3) . Spores inoculated in an aerobic environment on non-prereduced agar and then grown in an anaerobic chamber grew significantly better on TCCFA than on CCFA (Table 4) . TCCFA grew approximately 100 times as many colony-forming spores as did CCFA on both prereduced and non-prereduced agars (P <. 0.001). Although colonies appeared to grow faster on prereduced TCCFA, the actual mean colony counts at 48 h were equal.
DISCUSSION
We compared several techniques for the recovery of C. difficile spores from an inoculated surface to determine the optimal method for detection of C. difficile in the environment. C. difficile in the hospital environment (4, 9, 11, 12) used CCFA. TCCFA grew 20 to 25 times as many spores as CCFA after aerobic inoculation and sampling. Thus, previous studies with CCFA may have underestimated the true density of C. difficile in a hospital environment. The use of saline-moistened swabs detected spores present at low concentrations but prevented quantitation of the number of spores present and required additional steps in handling (saline moistening, cutting swab tips into broth) and interpretation (additional subculturing to obtain pure colonies). TCCFA-Rodac plates, however, easily sampled a larger area than swabs, recovered spores efficiently at very low concentrations, allowed their precise quantitation, and were easy to prepare and transport to a sampling site. Dry swabs and adhesive paddles were not useful.
Although prereduction of agar for 2 h was required for optimal recovery of vegetative cells of C. difficile (Fig. 1) , prereduction of media was not necessary for maximal recovery of spores on TCCFA (Table 4) . Optimal spore growth on CCFA seemed to require prereduction of agar, although the difference was <1 logl0 (Table 4) . That the spore population of C. difficile may be the most important in nosocomial acquisition of C. difficile-associated diarrhea is supported by the brief (<15 min) survival of a large inoculum of purely vegetative forms. This short survival is probably due to a combination of exposure to oxygen and desiccation. Viable organisms (presumably spores) can be recovered for at least 5 months from an unused hospital floor (9) .
Small numbers of C. difficile from an exogenous source (human or environmental contacts) may be important in nosocomial transmission of C. difficile-associated diarrhea and colitis. Several clusters of infection in hospitalized patients (8, 9, 14, 17) and experience with disease transmission in animals (10, 15) 
